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The suit demand pressure regulator (figure 2. 7-2) controls suit
circuit pressure in normal and emergency modes. It supplies oxygen to the
suits whenever the suit circuit is isolated from the cabin, and during
depressurized operations. It also relieves excess gas to prevent over-
pressurizing the suits.

The regulator consists essentially oi two redundant demand regula-
tors, and a relief valve. A selector valve is provided for selecting either
or both regulators. Normally both are in opsration.

Each regulater scction consists of an aneroid control, and a differen-
tial diaphragm housed in a reference chamber, The diaphragm is connected
by a rod to the demand valve. The dernand vaive will be opened whenever a
pressure differcatial is sensed across the diaphrzgm. In operation there is
a constant bleed flow of oxygen from the supply into the reference chamber,
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around the aneroid, and out through the control port into the cabin. As long ,
_ as the cabin pressure is greater than 3.75 psia, the flow of oxygen through
T the control port is virtually unrestricted, so that the pressure within the

S N reference chamber is essentially that of the cabin. This pressure acts on
ij " R the upper side of the diaphragm, while suit pressure is applied to the under-
; b side. The diaphragm can be made to open the demand valve by either !
- ' increasing the reference chamber pressure, or by decreasing the sensed

suit pressure.

The increased pressure mode occurs‘during depressurized operations.
As the cabin pressure decreases the aneroid expands. At 3,75 psia the
aneroid will have expanded sufficiently to restrict the outflow of oxygen
S through the coatrol port, thus increasing the reference chamber pressuve.

Decreased suit pressure mode occurs whenever the suit circuit is
isolated from the cabin, and cabin pressure is above 5 psia. In the process
of respiration the crew will exhale carbon dioxide and water vapor. In
. circulating the suit gases through the COjp-odor absorber and the suit heat
exchanger, the CO; and water arc removed. The removal reduces the
pressure in the suit civecuit, which is sensed by the regulator on the under-
side of the diaphragm. When the pressure drops approximately 2 inches
H,0 below cabin pressure, the diaphragm will open the demand valve,

The regulator assembly contains a poppet-type relief valve which is
integral with the suit pressure sence port. During operations when the
cabin pressure is above 3. 75 psia, the relief valve is loaded by a coil
spring which allows excess suit gas to be vented whenever suit pressure
rises 2 to 9 inches H;O above cabin pressure. When the cabin pressure
decreases to 3. 75 psia, the reference chamber pressure is increased by
the throttling effect of the expanding aneroid. The reference chamber
e pressure is applied through ducts to two relief-valve loading chambers
which are arranged in tandem above the relief valve poppet. The pressure
in the loading chambers acts on tandem. diaphragms which are forced
against the relief valve poppet. The relief portion of the valve is thus
4 increased to 3. 75 psia plus 2 to 9 inches H,0.
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Two parallel COp-~odor absorber canisters, downstream of the suit
compressors, function in the removal of carbon dioxide and odors. A
: removable filter within each canister contains sufficient lithiurm hydrexide
L L (for CO, removal) and activated charcoal (for odor removal) to last 1.5
S man-days of operation. This operational limit requires cach filter be
‘ changed, on an alternating basis, every 12 hours. An internal bypass is
incorporated within each filter to furnish the required flow during the ECS
emergency mode (cabin depressurized), but will also increase the flow
under normal conditions. Although 50 percent of the flow is permitted to
bypass the lithium hydroxide, the total flow must pass through the charcoal

filter.
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The COj-odor absorber {filter change sequence involves nuinerically
identified filiers and alphabetically identified filter stowage containcrs.
\ Although the filters are replaced in numerical sequence, the stowage con-

tainers are not opened in alphabetical sequence relative to filter replace-
ment., Odd-numbered filters will always be installed in suit circuit

canister A (upper) and even-numbered filters installed in canister B (lower).
i After the proper filter stowage container is located by the crewman, the
correct filter ie obtained and the filter change accomplished. The used
{ilter is then stowed in the container from which the unused replacement

came. Where two filters are stowed one above the other, the used filter
will always be placed below the remaining nwnused fiYter. This provides a
more readily accessible vnused filter at the next 12-hour replacenmient

period. Filter replacement data, such as filter nurnber and mission time,
ig recorded by the crew in the flight log.

A diverter valve located at the canisters inlet is normally positioned

to direct gas flow through both filters. In conjunction with check valves,
located at cach canister outlet, repositioning the diverter valve isolates an
expended filter, A manually operated vent valve for each canister allows

34
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equalization to cabin pressure prior to the removal of a filter.

Suit circuit gases, upon leaving the COp-odor absorber canister
b assembly, are at a higher temperature and humidity level than at ary other

point in the suit circuit, Heat has been generated in flowing through the
4 compressors and the caaister assembly. Also, the z2iveady humid gases

bave picked up additicnal meisture due to cheminal reaction befween the i
i carbon dioxide and lithium hydroxide. The suit heat exchanger removes §
this heat and humidity from the suit gases. -

Normally the heat transfer fluid, water-glycol, flowing through the
suit heat exchanger removes the suit circuit heat loads to space through

oy

space radiators. A water-glycol evaporator supplements heat transfer
when the space radiators are inadequate. A suit evaporator (part of the

FOTNRRT RV SUPRIESL

suit heat exchanger) is provided and used only in the event of an emergency.

Under all cther conditions the suit evaporator contrels are to remain in the
OFF position. The control switch (SUIT EVAP, AUTC - MAN, located on
i panel 13) contrels electrical power to the system. This operational change
will not impose added constraints on the mission; however, if the water- t.
glycol evaporator should fail when it is required for cooling of electronics,
etc., this would be sufficient cause to terminate the mission. A (E

i ek

Shouid the ability of the suit evaporator system demonstrate proper
operation, the control swiich would be placed to the AUTO position. When
: water-glycol inlel ternperatures to the suit heat éxchanger excecd 52°F or
the outlet temperatures of the suit circuit gases frorn the heat exchanger
exceed 60°F, the suit heat exchanger is bypassed by the water-glycol flow
through a diverter valve, When the auvtomatic-controlled diverter valve is
in the full bypass position, an integral switch in the diverter valve ascsembly

is activated. The diverter valve switch activates the suit evaporator steam
pressure control unit, The correct steam duct prassure is automatically
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established for a given temperature errvor by the steam pressure control .
unit, pressure transducer, and the steam pressure control valve. Initial
opening of the steam pressure confrol valve causes a switch in that valve
assembly to activate the wetness control unit. Water inlet through a |
solenoid valve to the suit evaporator is automatically controlied by sensing

LI the suit evaporator wetness and the temperature of the suit gases at the

: ‘ heat exchanger outlet, When suit gas temperatures returr to normal, the

‘ evaporator mode is sequencially deactivated and water-glycol flow is
re-established. By overriding the suit gases temperature sensor at the \
outlet of the heat exchanger the system may also be activated, providing )
the SUIT EVAP control switch is in the AUTO position. Simulated high heat
load is initiated by the SUIT HT EXCH switch (LHEB ~-310),

As the moisture-laden suit gases are cooled, condensztion takes
place within the heat exchanger. This moisture is absorbed by a wick-like
material, removed by capillary action and the suction of the FH20 accumu-
lator, and pumped intc the waste water systend.

The two accurnulators are automatically controlled, self-cychng,
reciprocating pumps. Oxygen at 100410 psig periodically activates the
f pumps on the expulsion stroke, while a return spring is utilized for the
i suction stroke. Only one accumulator can be operated at a time with the
second for standby use in the event of a malfunction. A manual backup
mode of accumulator operation is also incorporated. Following the dis-
charge of suit circuit gases from the suit heat exchanger, the normal flow
is to the three suit hose connector assemblies, A suit flow relief valve is

LAl
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Ev
incorporated in the bypass line between the outlet of the suit heat exchanger 1. ..
and the inlet to the suit compressor. The valve opens at a 4F oi 5.020.2
jn. H,O and automatically maintains a nearly constant flow in the event
of suit circuit flow resistance fluctuations,

2.7.3.2.1 COZ Sensor.

The CO, sensor, situated between the inlet and outlet mauifolds of
the suit circuit, is a compact unit that operates on the infrared absorption
principle. The unit measures the amount of infrared energy absorbed by
the CO, in the atmospheric sample passing through the sensor. This is
accomplished by comparing two different wavelengths in the infrared
spectrum, One wavelength is absorbed by CO,, while the othev acts as a
reference. This establishes a ratio signal which is arnplified and reads out

as a d-c voltage proportional to the partial pressure of COp in the sample

gas.

The sensor is divided into the optics section and the electronics
section, The optics secticn includes an infrared energy source {a small
tungsten filament lamp), and optical lenses and mirror for focusing the
beam through two wavelength filters and the atmoespheric sample ontc a
detector. Both wavelength filters {4.3 microns for sampling and 4.0
microns for reference) are attached to a tuning fork which vibrates at
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2.7.3.2.2

‘hel

600 cylcles per second. The filters move back and forth across the focused
light beam, alternately transmitting energy at the sample and reference
wavelengths.

The basic purpese of the electronics section is to detect and trans- :
form signal information. Miniaturized components are mounted on seven
printed circuit boards, which accornplish all the electrical functions. :
These functions include supplying the power for the infrared source lamp
and the operation of the tuning fork, the detector, and the various pream-
plifiers and arnplifiers. The oulput signal activates the CO» PP HI systems
status light (MDC-11) and the COp PART PRESS indicator (MDC-13),

Gas Chromatograph.

The gas chromatograph is an item of GFE that is installed in several
of the Apollo Block I spacecraft {or flight qualification purposes. The unit
is capable of identifving and mieasuring the concentrations of 28 gas compo-
nents, and the resulting data is then telemetered to MSFN. This compact
item of equipment is installed in the LEB, and it interfaces the inlet and
outlet manifolds of the suit circuit in the LEEB.

The gas chromatograph operates on the basic principle of routing
samples of the suit circuit and/or cabin atmosphere through three separate
capillary columins and detectors., Low-pressure hielium is used as the
carrier gas for the sample sireams. The helium supply, even under
continuous demand, will last the length of any proposed mission. The

uny 18 Siored in a reservoir at 6000 peig and is regulated to its normeal
working pressure of 42 psia. In the event of regulator malfunction, pres-
sure relief is provided by a 200-psig rupture disc. KFachcapillary column
and detector identifies a specific number of gas components. One column-
detector will identify five of the permanent gases; namely, hydrogen, uitro-
gen, oxygen, methane, and carbon monoxide. Another is concerned only
with the separation and detection of ammonia, carbon dioxide, and water.
The third column-detector identifies 20 trace contaminants listed as
follows: Freon II, methyl alcohel, methylene chloride, ethyl alcohol,
benzene, P-dioxane, acetone, hydrochloric acid, hydrogen sulfide, ethylene
oxide, isoprene, diethyl sulphide, nitrogen dioxide, ethylene glycol, vinyli-
dene chloride, methyl chloroform, acetylene, dimethyl sulfide, Freon 114,
and 1, 1 trichloroethane.

Cross-section ionization~type detectors are used in conjunction with
the three columns jfor gas component identification. The output current of
the detectors produces a minimum-strength signal that roust be greatly
amplified, then conditioned for telemetry. The capillary columns, the
detectors, and the electrometer amplifiers are housed in an oven, the
temperature of which is maintained within a very close tolerance. The

Mission

- v . i3 . rj
balance of the electronics, installed in a separate package, consist of a ;f
transformer, a programmer, and a regulated power supply. Solid-state E
circuitry is used exclusively throughout the electronics of the unit,
:
£
&
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The gas chromatograph will complete one identification cycle in
approximately 80 minutes, regardless of the sampling mode selected.
Samples are taken from the suit circuit atmosphere, the cabin atrnosphere,
or from each atmosphere on alternating cycles depending on the positioning
wg of a selector switch located on the LEB panel 120. The selector switch may

i be positioned to CABIN AIR/AUTO/SUIT AIR by command.

§

The gas chromatograph is serviced and inctalled by ground support
personnel prior to flight crew ingress.,

A three-position START/OFF/PREEEAT switch, controls power for
operation, and must be placed to the PREHEAT position for a minimum of
80 minutes before switch ic set to START. A push-type switch, AMPL-
CAL, for bench calibration only and the START/OFF/PREHEAT switch,
are located on panel 120.

During the mission, the flight crew will not be required to make
control adjustments to the unit unless directed to do so by MSFN. During
descent, the remaining helium in the reservoir is dumped into the cabin by
the action of a pyro valve inside the unit. A full tank (abort condition) can
be emptied in a maximum of 3 minutes. Pyro valve initiation is simulta-
neous with the C/M-RCS propellant purge operation.

2,7.3.3 Cabin Pressure and Temperature Control Subsystem.

| sirans
B

The pressurization and temperature control of the C/M cabin are

primarily automatic functions with manual backup and override modes
provided. Cabin pressurization is maintained by the cabin pressuve yegi-
lator assembly (figure 2.7-3). This unit consists of dual regulators and a
manual repressurization valve operated by a knurled knob, DBoth regulators
operate simultanecusly as there is no selector valve incorporated and no
off position. The regulators automatically maintain the cabin at 520, 2 psia
during normal conditions and at a maximum oxygen flow rate of 1.3 pounds
per hour, If the cabin should become depressurized for any reason, the
regulators close at a pressure of 3.5 psia to conserve oxygen. The manual
valve, with a maximum flow rate of 7.2 pounds per hour, may be adjusted
to maintain cabin pressﬁre in event of regulator malfunction, However, it
is primarily used to repressurize the cabin following decompression,
requiring approximately 1 hour to raise the cabin pressure back to 5, 0+0.2
psia,

An emergency cabin pressure regulator assembly (figure 2. 7-4) will
flood the cabin with oxygen to prevent rapid decompression in the event of
cabin wall puncture. As cabin decomnpression is hazardous to life only when
a crewrnan is in the shirtsleeve mode, the regulators are not selected for
use until just prior to a crewman removing his PGA. The regulator

ENVIRONMENTAIL CONTROL SYSTEM
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REPRESSURIZATION
CONTROL

Figure 2.7-3. Cabin Pressure Regulator

assembly consists of a four-position manual selector valve and two redun-
dant reguiators which, when selected for usc, automatically open when the
cabin pressure drops to 4. 50,1 psia, The emergency cabin pressure
mode of 3.5 psia is contingent upon Apollo design limits and meteorite tests
and allows unsuited crewmen time io don their PGAs. This minimum pres-
sure can be maintained for % minutes, providing that rneteorite holes do not
exceed the total equivalent area of a hole 0.5 inch in diameter. At the end
of this time, the pressure will drop more rapidly, going to 2.0 psia in

10 minutes and to 1. 0 psia in 15 minutes,

The dual cabin pressure relief valve {figure 2.7-5) provides positive
and negative pressure relief for the cabin throughout the entire mission.
Although they function automatically, cable-operated manual override
controls, located on panel 307, are provided for adjustments during flight
to close relief valves for a malfunction, or to prevent sea water inflow
during postlanding phase and ground checkout procedures, When the cabin
pressure becomes higher than the external ambient pressure, the relief
valves limit the differential pressure to 6 (+0.2, -0.4) psi. During the
ascent phase, this differential pressure may go as high as 7.0 psi for a
short period of time. Conversely, when the cabin pressure becomes lower
than the external ambient pressure (as duving descent), the relief valves
lirnit the differential pressure ‘o a maximum of 25 inches of water. The
assembly is located in the steam duct overboard line which provides the
means of venting the positive and negative cabin pressures.
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Figure 2. 7-4. Emergency Inflow Regulator

Ventilation within the G/M is provided by dual fans, which circulate
cabin gases through the cabin heat exchanger. Normally, both cabin air
fans are selected by the crew for simultaneous operation. If either fan
malfunctions or is shut down for any reason, a closure {(cover) is manually
installed over the inlet of the inoperative fan to prevent backflow. A cabin
air control louver, located at the outlet of the cabin heat exchanger, is
manually adjusted for directional flow of gases within the cabin.

Although cabin temperature control is normally an automatic functicn,
resort to manual backup and override modes of operation may be utilized.
Cabin gases are heated or cooled by their circulation through the cabin heat
exchanger, which uses water-glycol as the heat transfer medium, A cabin
temperature control unit compares a desired temperature, selected by the
crew, to the temperature that is sensed af the inlet to the cabin air fans.
Any difference results in a signal that repositions the motor-operated cabin
temperature control valve., This valve regulates the amount of hot or cold
water-glycol flowing into the cabin heat exchanger. At each end of valve
full travel, the total hot or cold flow is routed through the heat exchanger;
whereas, at intermediate valve positions, the water-glycol flow through the
heat exchanger varies. A cabin temperature anticipator, located at the
cabin air control louver discharge, sénses the temperature rate of change
and signals the cabin temperature control unit, preventing overcorrection
by the control valve.
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b
Ventilation during the postlanding phase is accomplished by circulating ¥
outside ambient air through the cabia, All of the 2quipment necessary to -
) carry out this function {other than controls) is iocated on the C/M forwara g
tunnel cover. OQutside air is drawn into the cabin through an inlet duct §
containing @ shutoff valve and fan, The inlet duct includes a flexible exten- ¢

$ion for promoting more efficient ventilation. After circulating within the
cabin, the air is expelled overboard through an adjacent cutlet duct and
shutoff valve. Both motor-operated shutoff {vent) valves and the vent fan
are controlled by the VENT FAN switch on MDC-25. High- or low-zpeed

Zrone e

i fan operation is available, and either switch position will simultaneously ‘
# activate the fan and open the cabin vent valves, An assembly consisting of ;
a pendulum-type attitude sensing switch and an adjacent override control i
; switch (PLVC) are installed in the LHEBR, The pendulum is free to move

. only in the Z-axis. Should the C/M roll beyond a specified limit or become H
p inverted {stable 1I condition), the attitude sensing switch activates the cabin %

vent valves to the closed position to prevent water ingestion. If ail efforts
to return the C/M to the upvight (stable I} condition should fail, the FLVC
switch (ILHEB-141} is set to OPEN, This overrides the closing action of

§ the attitude sensing switch by opening both cabin vent valves and flocding

i the forward portion of the C/M. The pressurc on the tunnel hatch then
becomes egualized, thus allowing its removal for the escape of the crew,
The PLVC switch/may also be used to open the cabin vent valves if the ‘
attitude sensing switch should fail after having cinsed the valves. In order

to prevent the inadvertent opening of the vent valves in flight, two precau-
tions are taken. A lockpin iz installed in sach vent valve, and the circuit
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breaker applying power to the PLV system is not engaged during flight,
Therefore, before the PLV system can be operated, the lockpins must be
removed (pulled out approximately 0.5 in. ) prior to CSM separation and the
applicable circuit breaker engaged after landing.

4

2.7.3.4 Water-Glycol Coolant Subsystem.

The water-glycol coolant subsystem is a closed loop through which an-
aqueous ethylene-glycol mixture (water-glycol) is continuously circulated.
The mixture ratio by weight consists of 62.5 parts of glycol to 37.5 parts of’
! water. Basically, the subsystem provides a heattransport fluid loop for ;'
: the cabin atmosphere, the suit circuit atmosphere, the electronic aquip-
ment, and a portion of the potable water, It also serves as a source of heat
{or the cabin atmosphere when required. All of the unwanted heat absorbed
by the water-glycol is transported either to the space radiators, where it
is radiated to space, or to the water-glycol evaporator, where it is rejected
by the evaporation of water.

The water-glycol (W/G) evaporator outlet temperature must be main-
tained between 40° and 43°F (nominal 41.5°F). Sensed at the w/G
evaporator inlet from the space radiators W/G temperatures between 42.9°
and 45.9°F (nominal 45°F) activates the automatic mixing valve control
system (figure 2. 7-6), High-temperature W/G from the water-glyccl pump
is mixed with the lower W/G temperature from the space radiators to main-~
tain the evaporator outlet nominal temperature of 4}, 5°F. The manual
override for thé mixing valve is located on the coolant control panel 311
(GLYCOL EVAP TEMP IN) and a switch located on panel 13 allows selec-
tion of AUTC or MAN operaticn.

F‘E% Three Jines from the water-glycol pump assembly are paralleled to

L the water-glycol evaporator inlet, The aforementioned oxygen supply
capillary restrictors are wound around the line routed to the space radiators
and relief valves. The other line is routed to the mixing valve. To insure
proper operation of the oxygen supply restricters, in the line between the
cryogenic Oy storage in the S/M to the surge tanks in the C/M during cabin
repressurization, full water-glycol flow through the line to the space
radiators is required. Sufficient heat must be available to prevent cryo-
genic oxygen entering the C/M oxygen system and preclude the possibility of
freezing the water-glycol. To achieve this, the mixing valve must be
manually placed to the full closed position 15 to 30 minutes before repres-
surization and remain closed until the surge tank returns to maximum

pressure after repressurization of the C/M.,

' High-temperature water-glycol between 48° and 50.5°F from the
space radiators and sensed at the evaporator inlet initiates the water-glycol
evaporator temperature control system. Once the evaporator mode is
initiated by the evaporator inlet sensor, an evaporator outlet sensor
supplies the controlled variable signals to the controller., If a heating
temperature error is sensed by the evaporator outlet sensor, the steam
pressure valve begins to open and repositions at a velocity proportional to

i ENVIRONMENTAL CONTROL SYSTEM
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the temperature error. Evaporator wicks are maintained in a wet condition ,
to provide immediate boiling when the steam pressure valve is opened.

Should the steam pressure drop below 5, 0x0.2 mm Hg abs, a pressure

switch overrides the temperature signal and closes the steam pressure

valve. The override pressure switch provides adequate pressure margin
above the freezing pressure of 4. 58 mm Hg abs. A switch in the steam
pressure valve assembly is activated when the valve is initially cracked

open. The switch activates the wetness control for replenishing water to

the evaporator through a water-solenoid control valve. Signals {rom the

wick temperature sensor are indicative of the relative wetness of the evap- :

orator wicks., As water evaporates, the wick sensor temperature increases
and exceeds an evaporator inlet reference sensor signal and cycles the
water control valve open. The reference input sensor varies the control as
a function of heat load to maintain the desired wick termperature with no
water carryover into the steam duct. When the evaporator wicks become
replenished with water, the wick sensor temperature decreases and
approaches the saturation temperature corresponding to the stearn pressure
and cycles the water control valve closed. The water control valve con-
tinues to cycle as long as water-glycol cooling by water evaporation is
required.

The steam pressure control valve can be electrically repositioned to
control the steam pressure for 40° to 43°F outlet glycol ternperature using
the pressure monitor indicator (panel 13, GLY EVAP-OUTLET TEMP),

The control switches (GLYCOL EVAP - STEAM PRESS) must be placed to }
the MAN position, and then to INCR for open and DECR f{or closing the
steam pressure valve, The HyO FLOW switch (panel 13) should be in the
AUTO position for the automatic wetness coatrol to be effective. Should the
wetness control fail, the water inlet control valve can be energized open by
placing the Hy)O FLOW switch to ON. When operating in this mode, a
portable indicating unit should be used to prevent water carryover into the
steam duct. The portable indicating unit consists of a four-position
selector switch for selecting OFF, WICK TEMP,, EVAP INLET TEMP,
AND NUL. The unit has its own 175-hour battery-operated power supply.
WICK TEMPERATURE indicator markings are 40° to 70°F, WATER-
GLYCOL INLET TEMPERATURE indicator markings are 40° to 100°IF,
and the NUL indicator markings are a red line across the midlength section
of the dial face and is marked above the red line on the dial WATER ON, and
below on dial WATER OFF. A water control tabulation chart {figure 2, 7-7)
for operation of W/G evaporator in the manual mode, is provided showing
wick temperature versus inlet glycol temperature, The portable indication
unit should also be used when manual water bypass control valve (GLY
EVAP WATER CONTROL BYPASS panel 317) is used. The portable indi-
cator unit will connect to J39 (panel 311), The main water-glycol flow next
enters the cabin temperature control valve, where it is routed either to the
cabin heat exchanger or to the remaining thermal coldplates, The action is
dependent upon the temperature control unit, which automatically controls
the movements of the motor-operated cabin temperature control valve. The
valve is so consiructed that in the cabin full cooling mode, the total flow of
cool water-glycol (167 pounds per hour) is routed first through the cabin
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Evaporator Inlet Wick Temperature Evaporator Inlet Wick Temperature
: Temperature Sensor Sensor Temperature Sensor Eensor
(°F) (°F) OF) (°F) ﬂ
i 40 41, 62 71 54,63
T 41 42.13 72 54,96
g 42 : 42,65 73 55,28
; 43 43,15 74 55,60
: 44 43, 65 75 55.91
i 45 44, 14 76 ' 56.21
X 46 T 44,63 77 56.51
! 47 45,11 78 56, 80
48 : 45, 58 79" 57.08
- 49 46, 04 80 57,37 :
E 50 46. 50 81 57.66 i
: 51 46,95 82 © 57.93 5
: 52 47.39 83 ' 58.19
- 53 47, 82 84 58, 45 v
; 54 48,25 -85 58.71 £
] 55 48. 67 86 58,96 -
! 56 49,08 87 59,21
57 49, 49 88 59.46 4
; 58 49.89 - -89 . 59.71 4
3 59 50. 30 96 59.94
4 60 50,39 91 66,17 «
. 61 51,07 92 60, 40 £
2 62 51, 45 RE 60,63 b
4 63 51.83 94 60. 85
; 64 52.20 95 61.06 i
65 52.56 96 61,28 9
66 ' 52.92 97 : 61,49
67 53.27 98 61.69 .
68 53,62 99 61.90 2
69 53.96 100 62.10 i
70 54, 30 '
Figure 2. 7-7. Water Flow Control Chart
3 heat exchanger and then through the thermal coldplates. In the cabin full c
; heating mode, the total flow is routed through the thermal coldplates first, 3
where the water-glycol absorbs heat, and from there flows through the
cabin heat exchanger., The intermediate valve positions are for the partial
cooling cr partial heating modes. In the intermediate positions, the quan-
tity of cool or warm water-glycol {lowing through the heat exchanger is
reduced in proporticn to the demand for cooling or heating., Although the
armount of water-glycol flowing through the cabin heat exchanger will vary,
the total flow through the thermal coldplates will always be 200 pounds per
hour. (Sce figure' 2.7-8.) An orifice restrictor is installed between the
cabin temperature control valve and the inlet to the coldplates. Its purpose
is to maintain a constant flow rate through the coldplates by reducing the i
!
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heating mode flow rate to that of the cooling mode flow rate. Another
orifice restrictor, located in the coclant line from the IMU, maintains a
constant flow rate through this component regardless of system flow
fluctuations.

The total flow leaving the cabin temperature control valve enters the
water-glycol pump assembly which provides the continuous coolant circu-
lation within the subsystem. The assembly consists of two water-glycol
pumps, {wo pump outlet check valves, a full-flow filter, an accumulator,
and an accumulatosr isolation shutoff valve, The two pumps, mounted in
parallel, can only be operated cnc at a time with the second pump for
standby redundancy. FEach pump outlet check valve prevents coolant back-
flow through the nonoperating pump. Water-glycol entering the assembly
first passes through the full-flow filter before reaching the pumps. There
is also a side passage that leads to the accumulator. .

The purpose of the accumulator is t¢ maintain correct pump inlet
pressure and to comvensate for small amounts of leakage and/or thermal
expansion/contraction. The manual shutoff valve in the side passage is
closed to isolate the accumulator in case of a punctured bellows, which
would permit the coolant to leak inte the cabin, causing contamination. If
the water-glycol accuinulator quantity indicator on the main display console
shows a steady decay to zero, a leak in the watsr-glycol system is the
probable cause. However, an indication showing a slow steady decreasze,
which stops at a point above zero, is probably due to thermal contraction .
indicating the water-glyccl temperature is below the nominal range, t
Lecated downstream of the pump assembly is the water-glycol purmnp outlet {

pressure transducer which measures the static pressure of the water-glycol
at the pump ocutlet, thus giving an indication of purnp perfermance. ¢

At this point in the subsystem, the ternperature of the watef—glycol
has greatly increased due to the absorption of the various heat loads, The
total flow of hot water-glycol is routed through a passage in the steam
pressure control valve to prevent ice from forming within the valve opening. b
Icing at this location could result in valve malfunction and/or blocking of
the steam duct. To prevent ice {rom forming at the outlet of the steam
duct, two redundant electric heaters are used., The two 3-watt heater
elements inside the duct extend approximately 8 inches upstream from the
outlet. g

The water-~glycol next flows to the water-glycel evaporator inlet
temperature control valve (previously described}., The hot water-glycol

that is not used for mixing by this valve is routed to the space radiators for 3
cooling. Any pressure losses in the space radiator circuit, regardless of
the number of radiators in operation, will be limnited by the action of the ~ -

dual water-glycol pressure relief valves., These two valves are in parallel
and are located be‘ween the inlet and outlet lines of the radiator circuit.
Just upsiream of each pressure relief valve is a manual shutoff valve, By
controlling the shuteff valves, one reliet valve at a time is normally

selected for use with the second for standby reduncarcy., When a AP of &
E
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11 psi is reached, the relief valves open to bypass coolant to the radiator ’
return line, closing at a AP of 8.5 psi. In order to preserve the water-

glycol closed loop, the relief valves function as a bypass when all space
radiator isolation valves are closed or when the water-glycol radiator, shut-
off valve is closed. This is a manual shutoff valve that controls the flow of
water -glycol from the C/M to the S/M. It is placad to the closed position
shortly before CSM separation to prevent the coolant in the C/M from .
flowing overboard after separation.

Two space radiators with an area of 30 square feet cach are located
on opposite sides of the S/M in sectors Il and V. Each radiator panel
contains two ceparate sets of tubes. The flow of water-glycol through the
four tube circuits is individually regulated by a motor-operated radiator
isolation valve located on the inlet side of each tube circuit. The four
valves are remotely controlled from the C/M and give the crew some
degree of latitude in their selection of cooling area. However, the primary
purpose of the valves is to isolate tube circuits should they develop leaks.
A check valve in each tube circuit outlet line prevents the backflow of
coolant from entering any radiator tube circuit that is leaking, Freezing
within the radiators is the point at which flow ceases, and may be prevented
by maintaining the inlet temperature above 75°F. This temperature is
obtained on the AUX DC VOLTS meter (RHFEB-200) or from MSFN if the
crew is unable to leave the couches.

s e s S A e fe

The water-glycol, after leaving the space radiators and re-entering /
the C/M, flows through a capillary restrictor. This is placed it the linc to ’
make the pressure drop through the radiatore compatible with that through 7

the water-glycol temperature control valve during ithe mixing mode. Upon
leaving the restrictor, the water-glycol flows through two check valves in
series. These valves prevent coolant from flowing overboard following
CSM separation. A temperature sensor, Jocated between these check
valves, gives an indication on the main display conscle of the temperature
of the coolant leaving the radiators. The indicator is located on MDC-13.

Under normal space flight conditions the water-glycol reservoir is
isolated from the coolant subsystem by the proper positioning of three
glycol reservoir manual shutoff valves. The water-glycol reservoir inlet
and outlet valves are closed, and the reservoir bypass valve between the
inlet and outlet lines is opened, During the prelaunch and ascent phases,
however, the position of these three valves is reversed to permit coolant
flow through the reserveir. The one gallon of water-glycol contained in the
reservoir is then utilized as a heat sink, which becomes necessary during
the ascent phase. The space radiators are not effective during ascent and

evaporative cooling takes place only after the ambient pressure reaches
0. 05 psia, which is approximately 150, 000 feet altitude (7 + 2 minutes and
10 seconds), "

If a water-glycol leak should occur, the coclant subsystern may bhe
refiiled from the limiited supply in the water-glycol reservoir after the
leak is isolated. The glycol reserve shutoff valve, located in the line from
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the reservoir to the inlet side of the pump, is used for this purpose. As
the reservoir contains a bladder that is under 20£2 psig oxygen pressure,
positive expulsion of the coolant is assured. The pressurized reservoir
may also serve as an accumulator for the coolant subsystem, if the regular
water-glycol accumulator becomes incperative and is isolated, The flow of
water-glycol, either through the reservoir cr bypassing it, next enters the
water-glycol evaporator {previously described), thus completing the coolant
loop.

During prelaunch operations, the flow of temperature-controlied
water~glycol is furnished by GSE through lires connected to the {ill and vent
couplings in the S/M. The solencid-operated water-glycol shutoff valve,
upstream of the outlet coupling, is controlled at the GSE and is opened to
permit coolant flow through the spacecraft loop and back to the GSE,

Water Supply Subsystem,

The primary function of the water supplv subsystern is the storage and
collection of potable and waste water. Potable water produced by the fuel
cells and waste water recovered from the suit heat exchanger water separa-
tor are stored in separate tanks in the C/M., Supplementing this supply are
two water tanks in the S/M that czptain potable water for refilling the C/M
potable water storage tank. The water supply subsystem also supplics hot
and cold potable water to the crew and waste water io the water-glycol
evaporator and suit heat exchanger for evaporative cocling,

The water produced by the fuel cells in the S/M i2 a steady source of
potable water and is stored in a 36-pound capacity tank located in the aft
compartment of the C/M. The tank, which contains a bladder, is pressur-
ized with oxygen at 2042 psig by the tank pressure regulator and relief
valve assembly, thus assuring positive expulsion of fluid. Fuel cell water
flows into the tank at a potential pressure of approximately 61,5 psia. which
is high enough to cvercome the tank pressure, Theé potable water tank may
be rerviced before flight by the manually operated servicing valve, which is
also in the aft compartment and not accessible to the crew., A quantity
indicator on the main display console gives the measurements obtained by
the tank quantity transducer. Located in a water line between the fuel cells
and the potable water tank is a check valve and the potable tank inlet chutoff
valve. The check valve prevents any reverse flow of potable water. The
shutoff valve, when closed, vrevents fuel cell water that has become con-

taminated from entering the C/M potable water network,

Temperature-controlled potable water is available to the crew from
two components within the C/M. Cold water, which is maintained to 50°F
{(at the water chiller), is available at both the food preparation water supply
unit and the water delivery unit, Hot water, however, is available only at
the fnod preparation water supply unit. This cormnponeut utilizes a small"
tank with an electric heater to raise the water temperature to 154°4£4°F,

By selecting the proper valve, hot or cold water is metered out for food
reconstitution or other crew needs, The water delivery unit is used by the
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crew exclusively for drinking purposes. It consists of a housing containing
a coiled flexible tube and a water delivery valve for use with the individual
mouthpieces of the three crewmen., Upstream of this unit is the drinking
water supply shutoff valve that is closed if the water delivery valve should
leak.

Waste water collected from moisture condensate within the suit heat |
exchanger is drawn into one of the cyclic accumulators and from there
pumped into the waste water netv\jork. J{, however, there is a water demand
by either the water-glycol evaporator or the suit heat exchanger evaporator,
the waste water flows directly to the water control valve of the appropriate
evaporator. The 56-pcund capacity waste water tank contains the pressur-
jzation and quantity measuring features of the potable water tank, A
servicing valve is located on the water cortrol panel in the C/M cabin and,
therefore, is accessible to the crew, if necessary.

Although waste water never enters the potable water network, potable
water may enter the waste water netwerk under certain conditions. If the
potable tank becomes full, the differential pressure between the networks
will eventually overcome the 6, 0£C, 5 psi at the waste tank inlet valve, thus
permitting water flow. Potable water also enters the waste water network
if the waste tank is empty and there is a water demand by either evaporator.:
The low pressure created by this water demand is responaible for waste
tank inlet valve activation. The valve also incorporates a manual shutoff
feature for use if the relief valve portion malfunctions., Closing the valve
thus prevents the premature dumping of petable water into the waste water
network, A check valve, located downstream of the relief valve, separates
the potable and waste wate> networks by permitting flow in one direction
only,

To prevent overpressurizing the water supply subsystem, a pressure
relief assembly is installed downstream of the check valves that separate
the potable and waste water networks. The assembly consists of a selector
valve and two redundant pressure relief valves in parallel. When the
potable and waste water tanks are full, the continued supply of water
produced by the fuel cells will be dumped overboard by these reliefl valves.
Normally, both valves are selected for simultanecous use, and dumping
occurs when the water pressure reaches approximately 32 psi above the
outside ambient pressure. Another line, with two check valves in series,
bypasses fuel cell water output directly to the pressure relief zssembly,
However, this action will take place only in event the waste tank inlet valve
fails clesed. The bypass prevents fuel cell water flow from being blocked,
thereby preventing total fuel cell failure due to flooding within the cells.

To provide sufficient water for a maximum duration earth orbital
mission, two 56-pound water tanks are installed in the S/M. These tanks
are similar to the C/M waste water tank but lack the quantity measuring
capability. A separate tank pressurizing system is used for positive
expulsion of the water. Nitrogen at 900 psig is stored in a small tank that
is protected against overpressure by a relief valve set at 1045425 psig, In
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addition to a nitrogen fill valve, there is a pressure regulator and reljef .
valve to reduce and regulate nitrogen pressure in the water tanks. These
tanks are pressurized at 40&2 psig, and the relief valve will function at
44 to 48 psig.

At the water outlet of each tank, there is a manual fill valve and a
L solenoid shutoff valve. The shutoff valves are controlled by the WASTE
) H>O TK REFIL.L switch in the C/M. These valves control the flow of
water from the tanks to a common line in the S/M that subseguently connects
into the potable water line from the fuel cells. When the C/M potable water
tank quantity is low, it will be refilled from these S/M water tanks at a flow
rate of 2. 92 pounds per minute,

2.7.3.6 ECS-Waste Management System Interface.

Although the waste management system (WMS) and C/M battery vent-
ing network aré not subsystems of the ECS, they will be covered ag such in
the AOI because of system interface. The interface mentioned is in refer-
ence to the KCS water overflow line.,. All of the urine and the fecal odors of
the WMS, as well as gas pressure from the C/M batteries, are alsc routed

overboard through this single ECS water dump line. Incorporated at the

outlet of the dump line (urine/water) is a 0,055 inch orifice nozzle that -
restricts gas flow fo a maximum of 1 cim and liquid flow to less than 1 cfm. b
The gas {low is limited to prevent excessive lose of cabin atimosphere during .

fecal canister usage. The restriction on liquid flow, in conjunction with 2
5. 7-watt, conftiniously operating dump nozzle heater, prevents the forma-
tion of ice at the nozzle, which could block all flow.

The function of controlling and/or disposing of waste solids, liguids, o
and gases is accomplished by the WMS, Except for the fecal canister and ;
other items of stowed equipment, the major porticn of the system is located S
in the RHEB. The WMS is basically divided into the urine/fecal and the
3 vacuum cleaner subsystems, Several compounents that are no longer
functional have not been removed from the WMS, as shown in figare 2. 7-9,
b This is due to recent modifications that would not permit their removal
because of schedule impact,

>

The coroponents for the urine portion of the urine/fecal subsystem v
consist of a separate urine sample volume measuring system unit (USVMS)
for each crewmember., (Refer to section 5.} The unit is used for each

urination in order to provide a urine sample, with the remainder of the :
[ ccentents being dumped overboard in the following manver. The USVMS is A
first attached by quick-disconnect te an inline filter, which remains o
attached {by quick-~disconnect) to the waste management dump line, The b
USVMS valve is set to the DUMP position, followed by setting the WASTE &

MANAGEMENT-SELECTOR valve on RHEB-201 tc URINE FECXES and the
adjacent OVBD DRAIN valve to DUMP., A 5-psi differential prassure,
provided by the valve settings, will empty the contents of the collection bag
overboard through the urine/water dump line. Should 2 USVMS unit fail,
direct overbecard urination may be accomplished by using the urine
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receptacle, which is 2 backup component. The PHA urine collection device
(UCD) may be used during prelaunch, and if go, is emptied in much the
same way, The transfer valve {of the urine receptacle/transfer valve
assembly) is inserted into the UCD after it is removed from the PGA. Th‘e
urine receptacle is then attached by quick-disconnect to the filter on the
waste management dump line. The WASTE MANAGEMENT-SELECTOR
and OVBD DRAIN valves are set to the URINE FECES and DUMP positions
respectively, emptying the contents overboard, Upon completion, the PGA
UCD is stowed in the PGA stowage bag. Although the WMS blower will
operate whenever the SELECTOR valve is set to the URINE FECLES position,
functional operation of the blower is for vacuum cleaning only.

For the fecal portion of the urine/fecal subsystem, components con-
sist only of the fecal canister and hose assembly, Normally stowed out of
the way, the canister is secured to the center COp-~odor absorber filter
storage container atthe LEB. The hose is then attached by gquick-
disconnect to the filter on the waste management durnp line. The WASTE
MANAGEMENT-SELECTOR valve is set to URINE FECES and the OVBD
DRAIN valve is set to DUMP, Differential pressure of 5 psi is thus created,
routing the odors overbcard through the urine/water dump line.

The vacuum cleaner subaystem is made up of the vacuum assembly
and an 8-foot flex hose, which are stowed in the vacuum stowage compart-
ment. After removing the vacuum cleansr from the storage compartment,
it is placed in operation by setting thie WASTE MANAGEMENT-SELECTOR
valve to VACUUM CLEANER, This single action activates the WMS blower
and opens the valve port that connecis the vacuum cleaner line to the blower,
The WMES blower provides a gas flow of 5 cim at a AP of -4.9 inches HyO to
effectively remove debris, either solid or liquid. A porous bag, inserted
into the vacuum assembly, traps the debris while the gases are exhausted
into the C/M cabin. '

The C/M battery venting network consisis of a manifold, a BATTERY
VENT vailve {(RHEB-202), and lines that are routed to connect into the
urine/water dump line, The vent valve is to remain in the VENT position
during normal operation to provide unrestricted flow for intermittent
battery relief valve operation. Only in event of a battery case rupture or
vent manifold leakage will the vent valve be closed, This prevents loss of
cabin atmosphere overboard, thereby, conserving oxygen.

Electrical Pewer Distribution.

The types of electrical power required for the operation of the KCS
are 28 volts dc and 115/2006-volts 400-cycles 3-phase ac., {See figure
2.7-10.) The larger motors of the system utilize 200-volt 3-.phase power,
whereas the smaller motors and control circuits operate from a single
phase of the ac at 115 volts, [ ucept for the postlanding ventilation systern,
those compeonents using 28 volts de will receive power from the fuel cells
before CSM separation and from baiteries after separation, The postland-
ing ventilation system will operate from batteries, exclusively,
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CABIN CABIN CABIN TEMP RAD ISOLATION RAD ISOLATION RAD ISOLATION RAD ISOLATION
AR FAN AIR FAN CONTROL VALVE VALVE VALVE VALVE .
. NO.} NO.2 VALVE To: 6~tube To: 4-tube To: é-tube To: 4-tube
. i circuit in circuit in circuit in circuit in
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. ” .
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OFF ON OFF UNIT
TT7T 7] caiN A l AUTO] | MAN
[ ]/‘ [‘F,‘N_] o i,OF: 4 OFF \ 1A OFF 4 &18 OFd, 6 2A OFF & 628
N ' . :
(MDC-21) Fw = CABIN Al CABIN {ZMP- £CS £CS ECS ECS
? FAN-2 AUTO/MAN RADIATOR- RADIATOR- RADIATOR- RADIATOR-
(MDC-21) (MDC-13) 1-A I-8 2-A {MDC-21) 2-8
(MDC-21) (rDC-21) I (MDC=21)
s~ ECS- . ECS- ECS-
2IN CABIN | " RAD VALVE- RAD VALVE-
FAN- AIR FAN- AC 1A AC 2B
- AC 1- {FA) l (#5) ECS~ ECS~
A g8 RAD VALVE~ RAD VALVE~
e ¢ (2 ] AC 18 AC 24
| (g4) (1]
HAC BUS BENO, T 30T NO. TR E3EE ( W 2a
. g
T RIS BT a8
; ECS- ECS- G L BT AC SUSE T MO, 2 30
3 GLYCOL GLYCOL
§ PUMPS- PUMPS— R
“ AC - ac ECS- ECs~ £CS- ECs- ECS- £CS- ECS- £CS- €Cs-
ge R GLYSGL cLycoL GLYCOL SUIT COM- | SUIT COM- | 3UiT COM= | SUIT CCM- | SUIT COm- | SUIT COM-
M {2 W oa PUMPS: PUMFS- PUSAPS- PRESSORS- | PRESSORS- | FRESSORS- | FRESSORS- PRESSORS- | PRESSORS-
s ac AC 2- AC 7. AC - AC 1- AC 1- AC 2- AC 2- AC 2-
3 LHA e g gA 78 gc dA 14 gc
% {2 W oA o2 W oa o{ (o (A (2 W
—d 1 sum
i ECS COM-
: GLyeol punp | sume PRESSOR COMPR| COMPR
(MDC-21) ) 2 (1ADC=21) 1 2
- -1 1 e RN shsaninitniel fal st S Sanio s I ACoact acoAC 1N
6 © o o o ];° o‘l? R o IAd o oA,C o I o ‘T ° A T"“’ ° ° 2°OC o |AC 2/2
2iAC oprAC| ! Yore!

= i 3 ! ¥ t : 3 o

WATER-GLYCOL WATER-GLYCOL SUIT sun B
PUMP PUMP COMPRESSOR COMPRESSOR
NOC.,) NO.2 NO.1 NG.2

SM-2A-709G

Figure 2. 7-10. ECS Power Distribution Diagram
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2.7.4 PERFORMANCE AND DESIGN DATA, )

2.7.4.1 Metabolic Data.

4
The following table contains the average metabolic rates, thermal
balance, and water requirements for S/C crewmembers.

Pressurized Cabin Depressurized Cabin
Parameter (Normal) {Emergency)
Total metabolic load
BTU per man/day 11, 200 12,000
Water production .
ib per man/day 4.0 9.8
CO; production .
1b per man/day 2.12 2,27
O, consumption
1b per man/day 1.84 1.97
Water consumption _
; 1b per man/day 6.6 12.4
Urine production
A ib per man/day 2.6 2.6
g

2.7,4.2 Oxygen Supply Subsystem.

Performance and design data for the oxygen supply subsystem are
as follows:

¢ Maximum oxygen flow rate to ECS from cryogenic storage tanks:
9.0 1b per hr

¢ Surge tank quantity: 3.7 lb (approx)
Surge tank nominal pressure: 300435 psig
Surge tank pressure relief setting: 1045%25 psig

e Entry tank quantity: 1 ib (approx)
Entry tark nominal pressure: 90035 psig
Entry tank pressure relief setting: None

e Regulated working oxygen pressure: 100:£10 psig
Pressure relief setting: 130+£10 psig
Flow rate: 0,7 1b per min max

e Regulated tank pressurization oxygen pressure: 20+2 psig
Pressure relief setting: 25%2 psig
¥low rate: 0,075 lb per min (one regulator) and 0,15 1b pex min
twe regulators) :

e 3]

=
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2.7.4.3

2.7.4.4

2.7.4.5

Pressure Suit Circuit Subsystem.,

Performance and design data for the pressure suit circuit subsystem
are as follows:

‘@ Heat exchanger cooling capacity: 2100 BTU per hr max (Gly or evap)
e Water evaporation rate: 1.97 lb per hr max

o Regulated demand pressure
Normal; 2.5 to 3.5 in, H;O below cabin pressure
Emergency: 3.75 %0.25 psia
Flow rate: 0,67 1b per min max

e Suit compressor volumetric flow
Normal flight: 35 cfm
Emergency f{light: 33.6 cim

o Automatic temperature control: 45° to 55°F -

e Max Oy flow into suit circuit: 0,66 b per min (regulator or manual
valve)

Cabin Pressure and Temperature Contrcl Subsystem.

Performance and design data for the cabin pressure and temperature
control subsystem are as follows:

e Heat exchanger cooling capacity: 1250 BTU per hr max

o Regulated cabin pressure: 5.0+0.2 psig
Flow rate: 0.65 1b per hr {one regulator) and 1,3 1b per hr
(two regulators)

e Emergency inflow pressure (maximum of 0.5 in. diameter total
leakage area): 3.5 psia for 5 minutes

Flow rate: 0.67 lb per min max
e Cabin pressure relief
Positive relief: 6.0 (+0.2, -0,4) psig
Negative relief: 10 to 25 in., HO

e Differential pressure (C/M cabin-to-aft section)
Normal ascent: 7.0 psig max.
Abort ascent: 8.6 psig max.

e Autornatic temperature control (flight}: 70° to 80°F
e O required for cabin repressurization, 0 to 5 psig at 70°F: 9.11b

Water-Glycol Coolant Subsystem.,

Performance and design data for the water-glycol coolant subsystem
are as follows:

e Reservoir quantity: 9 1b (approx)
e Total system quantity (less reservoir): 18 1b {approx)

e Evaporator cooling capacity: 7620 BTU per hr max

Mission
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2.7.4.6

2.7.4.7

2.7.4.8

e Water evaporation rate: 7.5 1b per hr max
e Accurnulator quantity: 1,36 Ib (approx)
e Pump {low: 200 Ib per hr
o Pump pressure
Inlet: 7.5%1.5 psig
Outlet {flight): 38(+8, -12) psia

e Automatic temperature control: 40° to 50.5°F

Water Supply Subsystem.

Performance and design data for the water supply subsystem are as
follows:

¢ Potable tank guantity: 36 b
e Waste tank guantity: 56 1b

6 S/M water tank guantity: 112 1b (2 tanks)

©

S/M nitrogen tank quantity (pressurant): capacity of 3.7 1b, {filled
to 1.5 1b (approx) .

e Nitrogen tank fill pressure: 900 psig

o Nitrogen tank pressure relief setting: 1045%25 psig

e Nitrogen system regulated préssure: 4022 psig .

¢ Nitrcgen S).rstem pressure relief setfing: 44 to 48 psig

& Overboard dump pressure: approx 32 psi above outside ambiert
Flow rate: 2.5 1b per min max

¢ Food preparation water suppiy unit
Capacity: 1.9 b
Hot water: 154°:4°F
Cold water: 50°F {at water chiller)

Waste Management System,

Performance and design data for the waste management system is
as follows: .

e Urine/water dump nozzle orifice: 0.055 in,

ECS Power Consumption Data.

The following list contains the latest available data or electrical
power consumed by components of the ECS. The wattage figures are for
the earth orbit phase only, and apply to operaticns during the normal mode
(pressurized cabin),
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{"N No,| Watts per Unit Total Watts \
; Subsystem of
E and Component Control Units|{ AC DC AC DC
OXYGEN SUPPLY .
02 flow transducer ECS-TRANSDUCER- 1 2.4 2.4 -
| PRESS GROUPS-2 . o
cb (2) .
O, press transducer ECS-TRANSDUCER- 1 0.8 0.8 &)
PRESS GROUPS-2 ‘ b
cb (2) %
PRESSURE SULT {:ﬁg
CIRCUIT }%z
Suit compressor SUIT COMPRESSORS 21 85,0 85,0
SW 176.0
AP sensor ECS-TRANSDUCKEE.- 1 1.28 1.28
FRESS GROUPS-1
cb (2)
CO, sensor ECS-TRANSDUCER- 1 1.0 1.0
PRESS GROUPS3-2
cb (2)
Diverter valve SUIT EVAP sw 1] 2.5 2.5
control unit
Diverter control valve | SULL EVAP sw 1 4%7.2 T 2
"ﬁ Steam press control SUIT EVAP sw 1 2.5 2.5
unit
: )
Steamn press contvalve | SUIT EVAP sw 1 1%7.2 ' *7.2 %
Steam duct abs press SUIT EVAP sw 1 1.28 S 1,28
sensor ’ B
Wetness control unit "SUIT EVAP sw 11 5.0 5.0 %‘
Water inflow control SUIT EVAP sw 1 %3, 0 %3, 0
valve
Wetness sensor SUILT EVAP sw 1 0.2 0.2
Water-gly femp SUIT EVAP sw 1 0.001 C.0G1
; sensor
Evap outlet air temp SUIT EVAP sw 1 0,001 0.001
sensor
o
: *Intermittent operating components
TOnly one component operates at a time
. ENVIRONMENTAL CONTROL SYSTEM
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No. | Watts per Unit Total Watts
Subsystem of
and Component Control Units} AC DC AC DC
Suit press transducer ECS-TRANSDUCER- 1 0.8 0.8
’ PRESS GROUJPS-1
/ cb (2)
Suit temp senscr ECS-TRANSDUCER-" 1 0. 04 0. 04
TEMP GROUP cb (2}
CARBIN PRESSURE &
TEMP CONTROL
Cabin air fan CABIN AIR FAN-1&2 2 119.0 38.0
sw (2)
Cabin temp control CABIN TEMP-AUTO/ 1 2.5 2.5
unit MAN sw
Cabin temp contvalve | CABIN TEMP-AUTO/ 1 |*7.2 *7.2
MAN sw
Cabin temp sensor ECS-TRANSDUCER- 1 0. 001 0.001
TEMP GROUP cb {2}
Cabin temp anticipator] ECS-TRANSDUCKR- i 0,001 0. 001
TEMP GROUP cb {2)
Cabin press ECS-TRANSDUCER -~ 1 6.8 0.8
transducer PRESS GROUPS-2
cb (2)
WATER-GLYCOL
COOLANT
Water-glycol pump ECS GLYCOL sw 2 136.0 136.0
Pump outlet press ECS-TRANSDUCER- 1 0.8 0.8
transducer PRESS GROUPS-1
cb (2)
Water-gly accum qty ECS-TRANSDUCER- 1 C.8 0.8
sensor PRESS GROUPS-1
ch (2)
*Intermittent operating components
*Only one component operates at a time
ENVIRONMENTAL CONTROIL SYSTEM
Mission, ... Rasic Date 12 Nov 1966  change Date. e, Page 2. 7235




SM2A-03-8SCO12
APOLLO OPERATIONS HANDBOOK

P
SYSTEMS DATA g :
. - o v e AN
No. | Watts per Unit Total Watts
Subsystem of
and Component Centrol Units| AC DC AC DC
" Water-gly temnp GLYCOL EVAP- 1 | 2.5 2.5
control unit TEMP IN sw
Water-gly temp GLYCOL EVAP- 1 *7,2 *7. 2 R
control valve - TEMP IN sw :
Water-gly temp GLYCOL EVAP- 5 0.001 0. 005
sensor TEMP IN sw; GLY ’"
EVAP-STEAM
PRESS-AUTO/MAN

sw; GLYCOL EVA B

HZO FILOW sw
Steamn press control GLY EVAP-STEAM 1 2.5 2.5 )
unit PRESS-AUTO/MAN ‘ o
Steam press cont GLY EVAP-STEAM 1 *7.2 *7,2
valve PRESS-INCR/DECR
sSW
Steam duct press FCS-TRANEDUCER- 1 TRD TBD TBD TBD i
switch PRESS GROUP:-1 E
cb {2}
Water control unit GLYCOL EVAP—HZO 1 5.0 5.0 1;
FLOW sw |
Water control valve GLYCOL EVAP-H,0 1 *3.0 *3.0 [
FLOW sw L
Wick temp sensor GLYCOL EVAP-H;0 1 0.28 6.28 ,
FLOW sw ) .{
i
Rad outlet temp ECS-TRANSDUCER- 1 0. 04 0. 04
sensor TEMP GROUP cb (2) 1
: 1
Rad isolation valve ECS RADIATOR sw 4 w14, 4 57.6 g
(4} ,
“Intermittent operating components !
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No. | Watts per Unit Total Watts
Subsystem of
and Component Control Units| AC DC AC DC
WATER SUPPLY *
Pot water qty ECS-TRANSDUCER- 1 1.28 1.28
transducer WASTE & POT HZO—
MN A&B cb (2)
Waste water gty ECS-TRANSDUCER - 1 1.28 1.28
transducer WASTE & POT i,0
MN A&PE cb (2)
Food prep water POT H,0 HEATER 1 %45, 0 %45, 0
; supply unit sw ’
:::é?i H,O accum control H,0 ACCUM-AUTO/ 1 3.0 3.0
£ unit MAN sw
H,0 accum valve H,O ACCUM-ON/ 2 *3,0 %30
OFF sw
'::‘, H70 accum fail ECS-H,O0 ACCUM- 1 1.5 1.5
sensor ' MN A&B cb (2) , ;
5 LIRS
=
S/M water tank shut- WASTE H,0 TK 2 €160, 0 #160.9 L
E off valve REFILL sw
MISCELLANEOUS
3 WMS blower WASTE MANAGE- 1 1%20.0 20, 0
MENT SELECTOR
d valve
Urine/water dump ECS-STEAM DUCT 1 5.7 5.7
i nozzle heater HTR-MN A&B cb
(2)
3 Steam duct heater ECS-STEAM DUCT 2 3.0 6.0
HTR-MN A&B c¢b
(2)
Temp xducer pwr ECS-TRANSDUCER - 1 10. 5 10. 5
supply TEMP GROUP cb
(2}
E;{ *Intermittent operating components
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No. { Watts per Unit Total Watts
Subsystem of
and Component Control Uunits] AC DC AC DC
Temp sensor ECS-TRANSDUCER- 5 0.04 0.2 '
amplifier TEMP GROUP cb
(2)
Stearn duct temp ECS-TRANSDUCER- 1 1.5 1.5
sensor signal TEMP GROUP cb
conditioner (2)
Gas chiomatograph GAS AWNAL—AC 1 ¢b 1 9 9
#Intermittent operating éomponents )
2,7.5 OPERATIONAL LIMITATIONS AND RESTRICTIONS

2.7.5.1 ECS Caution Placards.

Caution notes bordered by yellow and black stripes appear adjacent to
the postlanding vent valves in the forward tunnel area. The notes recad,
"POST LANDING VENT VALVE —PULL PIN BEFORE OPERATING VENT
FAN.'" If the pins were not in place during flight, inadvertent opening of
the cabin vent valves would immediately dump all cabin pressure, with
possible catastrophic results.

A placard on each COj-odor absorber canister cover cautions the
crewman to "PUSH BUTTON BEFORE OPENING, ' and includes an arrow to
indicate direction button should be pushed. This instruction must be
followed any time a canister cover is to be opened. By pressing the push-
button, the differential pressure is equalizsd and the cover may then be
removed. '

The caution note on LHEB-314 pertains to filling the PLSS oxygen tanks
and, therefore, is not applicable to earth orbital (Block 1} missions. It
reads, "CAUTION 900 PSI CLOSE VALVE BEFORE REMOVING CAP, "

2.7.5.2 ECS Caution Notes.

Design restrictions require that certain procedures be followed when
positioning the inlet and outlet selector valves of the tank pressure regulator
and relief valve assembly, If the inlet selector valve is placed to position 1
{or 2), the outlet selector valve must also be placed to position 1 {(or 2) or to
NORMAL position. This prevents shuiting off the supply of oxygen for pres-
surizing the potable and waste water tanks and the water-glycol reservoir.,
Conversecly, if the outlet selector valve is placed to position 1 {or 2), the
inlet selector valve must be placed (o position 1 {or 2} or to NORMAL
position, .
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2.7.5.3 IECS General Data.

i s b 2

Several ECS controls are inaccessible during the mission. Those
afiected are located behind the two removable Y-axis attenvator panels in the
LHEB. They include all controls mounted on LHEB-~311, the suit circuit ,
return air manual valve, and the diverter valve handle for the COZ—odor
absorber canisters. The attenuator panels are in place during the entire -
mission, but are removed to gain access to these TCS controlg, and then
immediately reinstalled. They provide an adequate bearing surface for the
Y -axis attenuator shock strut pad for the landing impact.

RRPORSS

The circuit breaker for the posztlanding ventilation system is not
engaged unti) after landing impact. This precaution, in conjunction with the
lockpins previously inserted in the postlanding vent valves, assures that the
cabin pressure will not be inadvertently dumped during flight.

High-oxygen flow during cabin repressurization, or when filling an
empty (150 psia min) surge tank, may cause water-glycol freezing., This will
occur when there is less than full flow through the warm water-glycol line
upon which the flow restrictors are wound. Full coolant flow at this location,
therefore, may be assured in the following manner. Between 15 and 30
minutes prior to anticipated high oxygen flow, set the GLYCOL EVAP-TEMP
IN switch (MDC-12) to MAN, and override the GLYCOL EVAP TEMP IN
valve (LHEB-311} to the full cccel position,

Radiator heat rejection {as freezing) is a funciion of radiator inlet

g

¢
;I
Y PN, LA e A AT oy ER PR N I S T e e

temiperatuve and vadiator orientation. Thus, if the radiator inlel temperalure i

decreases to 75°F, the S/C must be placed in a 2 to 5 RPH (0.2 to 0.5 degree

% per second)} roll rate., During this time radiator inlet temperature must rot
;;5 decrease below 70°F, or the individual radiator-outlet temperature below
30°F,

I

2.7.5.4 Cabin Depressurization Rates.

The time required for the C/M cabin to become depressurized is con-
tingent upon how presgsure is released. If the cabin is intenticnally dumped,
the time it takes to reach zero pressure will be as shown in figure 2.7-11,
sheet 1 of 2. However, if the pressure is lost as the result of meteoroid
punctures, the time will vary according to the size and number of holes.
Figurce 2.7-11, sheet 2 of 2, only reflecis flow ratc data for metecroid holes
that do not exceed a total ecuivalent area of 0.5 in. in diameter. The same
chart also applies to the flow rate of one cabin preegsure relief valve that has
failed open while in the NORMAL position.

2.7.5.5 Cabin Repressurization Rates.

The C/M cabir may be repressurized by using either of two flow rates.
To return the cabin pressure to normal in the shortest possible tirne, the
conditions as set forth in figure 2.7-12, sheat 1 of 2, must be complied with,
The {low rate, however, is dependent upon a full supply of oxygen in the
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5.5

CABIN DEPRESSURIZATION ~ 5 TO O PSIA
INTENTIONAL DUMP TIME = 6 MIN, 11 SEC

4.0 X
= 35 1
& -
'
&
2 3.0 !
i
g \
Z
& 2.5
2.0
1.5 \
\
. 1.0 \
\,
O.r \
9 k“\\
- M\—q
0 ) L B A A T LN R R § LI i A B LY R S Bt ¢ TOTTTTY Y [ S BN B § Ty L D R I e B T 1
0 1 2 3 4 5 6 7 8
TIME - MENUTES
CONDITIONS: 1. EMERGENCY CAB!N PRESSURE selector valve set io OFF.
2. CABIN REPRESS manual valve set to close.
3. CABIN PRESSURE RELIEF valve set to DUMP.
4. Noma! cabin pressure regulators automatically close at
3.5 psia.
SM=2A~870
Figure 2.7-11. Cabin Depressurization Rates (Sheet 1 of 2)
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CABIN DEPRESSURIZATION =~ 5 TO 0 PSIA
UNINTENTIONAL DUMP TIME = 45 MIN, 40 SEC

3.5 -

LN

CABIN PRESSURE ~ PSIiA

2.0
1.5
h \
0.5 5
\\‘\
\n:,_}".u“mwn
O o B S e o L B e L e o e e il e e e s bt i
0 5 10 15 20 25 30 35 40 45 50
TIME = MINUTES
CONDITIONS: 1. EMERGENCY CABIN PRESSURE selector valve set to NORMAL.

2. CABIN REPRESS manual valve set to close

3. CABIN PRESSURE RELIEF valves set to NORMAL.

4. Nomal cabin pressure regulators automatically closed at 3.5 psia.

5. EMERGENCY CABIN PRESSUKE selector valve set to GFF position

when pressure_reaches 3.5 psic (5 minutes).
*Depressurizcﬁon is through o 0. 5-inch~diameter (or equivalent) meteoroid punciure,
or the maximum flow through one CABIN PRESSURE RELIEF valve that fails open while
in the NORMAL position. :
. SM=2A~£83
Figure 2.7-11. Cabin Depressurization Ratea (Sheet 2 of 2)
ENVIRONMIENTAJ, CONTROL SYSTEM
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PSiA

CAEIN PRESSURE -

(3
W

5.0

4.5

4.0

3.5

3.0

2.5

2.0

0.5

CABIN REPRESSURIZATION = 0 TO 5 PSIA %
MINIMUM TIME ~ 52 MIN, 22 SEC

I
b
I

Figure 2.7-12. Cabin Repressurization Rates (Sheet 1 of 2)
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55

e
(%3

TIME - MINUTES

CONDITIONS: 1. EMERGENCY CABIN PRESSURE selector valve set to NORMAL.

N

CABIN REPRESS manual valve set 20 OPEN.

3. When surge tank pressure indicator decreates te 150 psia, EMERGENCY
CABIN PRESSURE selector valve set to OFF; surge tank minimum

pressure (150 psia) maintained by regulating CABIN RFPRESS manual
valve unti! valve is full open and surge tonk prassure slarts to increuse.

4. Nommal cabin pressure regulators automatically open at 3.5 psia. L
5. When surge tonk pressure again decreases to 150 psia, CABIN

REPRESS manual valve regulated to maintain this minimum surge
tank pressure.

6. When cabin pressure indicator reaches 5.0 psia, nomnal cabin
pressure regulators autometically close and CABIN REPRESS manual
valve set to close.

% Requires 9. 1lb oxygen at 70°F cobin temperature

SM-2A-889A
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PEERADECIE 2

CA3BIM PRESSURE - PSIA

CABIN REPRESSURIZATION ~ 0 TO 5 PSIA ¥

NORMAL THHE ~ 74 MIN, 25 SEC

4
5.5
5.0 /; ’ .
4.5~ = /
4.0 P
v/
s
/ _
e
f/
- A - S
3.0 e
2.5 _} / ——
2.0 /
/ g
1.5 S ]
v i
-~ |
1.0 —j— / - R R o
¥ '
0.5 - vl —]
//
0 e“/ ;
T T 1 ‘ t il L 4 ¥ 1
0 5 10 i5 20 25 335 40 45 50 55 60 65 70 75 86 85
TIME - MINUTES
CONDITIONS: 1. EMERGENCY CABIN PRESSURE selector valve set to OFF.
2. CAB!N REPRESS monual valve set to OPEIN.
3. WNormal cabin pressure regulators autematically open at
3.5 psia.
4. When cabin pressure indicator reaches 5.0 psia, nomncl
cabin pressuie regulaton avtemotically close and CABIIN
REPRESS manuol valve set to close.
#% Reguires 9. 1lb oxygen ot 70°F cabin temperature

i

SM~24-887 A

gure 2.7-12. Cabin Repressurization Rates (Sheet 2 of 2)
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surge tank. When the surge tank is not full, or the repressurization time is
not critical, the conditions for the flow rate as shown in figure 2. 7-12, sheet ,
2 of 2, are used.

2.7.6 TELEMETRY MEASUREMENTS.

9 The following is a complete list of all ECS telemetry data that is moni-
: tored by flight’controllers and ground support personnel. The last column
contains the name and type of S/C crew display. The display utilizes the
same pickoff or signal source as telemetry, unless a separate measurement
number is included in the display column. '

An asterisk (%) by the measurement number denotes information which

is not available for recording or telemetry transmission during PCM low-bit
o o

rate operation.

Normal
Mceasurement Sensox Opervating &
: Number Description Range Range . Crew Display
C¥ 000} P |Pressure cabin 0/17 psia 5.0+0.2 psia { PRESS - CABIN
indicator
: 5
CF 0002 T |Temp cabin 40/125°F 70° to 80°F | TEMP - CABIN 3
indicator E
; CF 0005 P |Press C07 partial 0/30 mm Hg |<7.56 mm Hg PART PRESS CO? fd
: - ' indicator and COZ' %.,
o PP HI C&W light
#*CEF 0006 P |Press surge tank 50/1050C psia |900£35 psia TANK PRESS -1 -
O, indicator
#CF 0008 T |Temp suit supply manf [20/95°F 55°F . TEMP - SUIT ]
i indicator i
. CF 0009 Q |Quantity waste water 0/100% Variable WATER - QUANTITY
tank indicator
CF 0010 Q [Quantity potable HyO 0/100% Variable WATER - QUANTITY
tank . indicator
x P - . . =
3 CF 0012 P |Press suit demand reg |0/17 psia 3.75£0.25 PRESS -~ SUIT
3 sense : psia indicator
CF 0015 P [ Press suit compressor |0/1 psid Min 0.3 to 0.4}AP SUIT COMPR
’ : diff psid indicator
CF 0016 ¥ !Press glycol pump 0/60 psia 37 to 45 psia PRESS GLY DISCH
outlet : indicator
ENVIRONMENTAL CONTROL SYSTEM

tsrion Basic Date L2 Nov 1966
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Normal

Measurement Sensor Cperating
Number Description Range Range Crew Display
%CF 0017 T |Temp glycol evap outlet| 20/95°F >45°F None ,
stcam
CF 0018 T |Temp glycol evap outlet 25/75°F 40° to 50.5°F | GLY EVAP -
liquid OUTLET TEMP
indicator
CF 0019 @ |Quantity glycol accum 0/100% 40 to 60% GLY ACCUM -

CF 0020 T

*CI 0025 P

CF 0034 P

CI" 0035 R

*CF 0036 P

*CF 0120 P

“CF 0135 R

*CF 0136 R

*CF 0137 R

*CF 0148 P

#*CF 0153 T

*CF 0184 T

Temp space radiator
outlet

Press pump package
inlet

Back press glycol
evaporator

Flow rate ECS O
Press outlet Op reg
supply

Press H,O and glycol
tanks

Flow rate manifold
inlet to suit 1

Flow rate manifold
inlet to suit 2

Flow rate maniiold
inlet to suit 3

D¥ supply and returr
manifold

Temp compiessor inlet

Temp COp absorber
outlet

-50/4+100°F

0/60 psia
0.05/0.25
psia

0.2/1.0

b/hr

0/150 psia

0/50 psia

0/0.2 1/hr

0/0.2 lb/hr

0/0.2 1b/hr

0/0.8 psid

50/125°F

90/200°F

Variable

7 psi min
0.098 to 0. 154
psia

0.425 1b/hr

10010 psia

18 to

w
[$2
o
(%]
o
ja

TED

TBD

TBD

0.25 to 0.5

psid

TBD

TBD

QUANTITY indicator
FECS RAD - OUTLET
TEMP indicator and
GLYCOL TEMP
LLOW C&W light
None

GLY EVAP STEAM
PRESS indicatior
FLOW O; indicator
None

None

None

None

None

None

None

None

Mission
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Normal
Measurement Sensor Operating
Number Description Range Range Crew Display
#CF 0245 T |[Temp O2 reg inlet -50/+150°F |TBD None
*CF 0326 P | Press potable H,O tank 0/50 psia 18 to 35 psid |None
drain
%CF 0327 P |Press waste HpO tank 0/50 psia 18 to 35 psid None
drain
#CF 0481 T [Terap CP branch 1 40/150°F TBD None
inlet
%CT 0482 T [Temp CP branch 1 40/150°F TBD None
outlet .
*CF 0483 T |Temp CP branch 2 40/150°F TBD None
inlet
*CF 0484 T |Temp CF branch 2 40/150°F TBD None
outlet
#CF 0549 P |Diff press coldplate 0/2.0 psid TBD None
branch 1
#CF 0550 P |Diff press coldplate 0/10 psid TBD None
branch 2
CT 0108 K |Gas analysis - suit and |N/A N/A None
cabin
SF 0665 T [Temp space radiator 60/150°F Variable None
inlet
S¥ 0671 T |Temp ECS radiator 0/50°F Variable ECS RAD OUT
outlet 1 TEMP-1 indicator
SEF 0672 T |Temp ECS radiator 0/50°F Variable ECS RAD OUT

outlet 2

TEMP-2 indicator

NMission,

ENVIRONMENTAL

_Basic Date 12 Nov 1966
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Figure 2.7-13. ECS Schermatic Diagram
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SECTION 2 S
SUBSECTION 2.8
TELECOMMUNICATION SYSTEM

' 2.8.1 INTRODUCTION. .

The telecommunication (T/C) system includes the spacecraft (S/C)
communications and data equipment required for voice communications;
acquisition, processing, storage and transmission of operational and flight
qualification telemetry {TLM), television (TV), and biomedical data; recep-
tion of up-date; ahd transmission of appropriate tracking and ranging signals.
At least part of the T/C system will be in operation during all phases of the
mission——I{rom prelaunch through recovery. The following list summarizes
T/C capabilities as utilized on SC-012. '

e S/C intercommunications between crewman

e Hardline voice communications and transmission of TV and TLM data
tc the Launch Control Center {LCC) via the service module umbilical
(USM) during prelaunch

In-flight voice communications with the manned spaceflight network
(MSFN) ™.

Voice tape recording of comments, obhservations, opinions, ct

time correlation

Acquisition and processing of TLM, TV, and operational biomedical
data frorn the S/C structure and systems, TV camera, and crew-

man biomedical sensors, respectively
TLM data storage
Transmission of real-time or stored TLM data

Reception of up-data (guidance and navigation, and timing data and
real-time commands) {rom the MSFN

Transmission of C-band tracking pulses in response to received
radar signals

Limited capabilities for S-band operation, including transmission
of voice and TLM data plus TV, stored analog, or pseudo-random -
noise (PRN), ranging codes, and reccption of voice and up-data

Postlanding recovery aids including voice communications and
recovery beacon transmission

TELECOMMUNICATION SYSTEM

__Basic Date_12 Nov 1966  Change Date Page 2.8-1
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e Generation of timing signals for synchronization of the T/C and
other S/C systems.

FUNCTIONAL DESCRIPTION.

The functional description of the T/C system is divided into four parts:
voice communications, data operations, tracking and ranging, and S-band
operations. The unified S-band subsystem {(USBS), used for all S-band
operations, provides back-up voice, data, tracking and ranging capabilities,
and the sole means for transmission of TV or analog data.

Voice Communications.

General.

All S/C voice, communications (figure 2. 8-1)originate and terminate
in the crewmen's personal communication assemblies (headsets). Each
crewman has two headsets; one is located in the "burnp-hat' for use while
wearing the constant-wear garment; lae other is located in the spacesuit
helmet. Fach headset is comprised of two independently pperating ear-~
phones and two microphones with sclf-contained preamplifiers. The
headsets are used for all voice transmission and reception,

Each crewman's headset is connected to the audio center (A/C) equip-
ment by a separate electrical umbilical assembly, commonly referred to as
a "cobra cable." In addition to the audic circuite, each of the three cobra
cables contains wiring for the operational biomedical sensors in the constlant
wear garments and the push-to-talk {PTT) centrol circuitry. The PTT
contrel civcuitry consists of a pushbution-type PTT key and 2 PTT/CW
selector switch. With the PTT/CW selector switch in the PTT position,
the PTT key permits manual control of voice transmission by the appro-
priate transmitter and mike amplifier circuit in the audic center module.

The PTT mode was designed to be used during the Jaunch phase of the
mission when high noise levels would preclude usage.of the VOX circuitry.
In this mode, the PTT key will enable the microphene amplifier, voice
recorder, VHI~-AM and S-~Band transmitters if the latter three have their
attendant control switches configured properly. The audio center power
switch and the cobra cable mode switch would be in PTT poesition during
this mode. '

The CW mode was also designed to be used during the high-noise
levels of the launch phase. In this mode, however, the VHY and S-band
downvoice communications links are not enabled. This gives us a PTT
controtled intercommunicalions, The voice recorder could also be
enabled in this mode if needed. The audioc center power switch would also
be in the PTT position, but the mode switch on the cobra cable must be in the
CW position, 1t should be noted that on older cobra cables, the CW position
was used only for emergency key. Now, this position will be used for both

. Xiission
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emergency key and the PTT intercommunications functions. PTT keys are

also located on the translation controls. Their function duplicates that of ,
the PTT key with the PTT/CW selector in the PTT position on the cobra

cable. .

<
1
i
4

The head of each cobra cable has two electrical connectors, marked ,
NORM and EMER. Normally, the connector marked NORM will be used;
however, in the event of failure in one of the A/C modules, the affected
crewman may connect the cable from his spacesuit to the connector marked
EMER. This will connect his audio circuits to ancther A/C module and
allow the same module to be shared by two crewmen.

A strap has been added to the cobra cable so the PTT button can be
held in the ON position if desired. This would allow a continuous intercom
if the Audio center POWER switch, (MDC 13, 23, 26)is in the PTT pocition,

The A/C equipment contains three separate but identical modules,
one for each crewman, and a commonly connected intercom bus., This
: equipment serves as a control and distribution center for all S/ C auvdio
B signals. KEach of the three moedules has a separate but'identical set of
; controls located on MDC-26, -13, and -23 for the command pilot, senior
pilot, and pilot, respectively. Thus each crewman is provided with ind=-
pendent control of all audio inputs and outputs to and {rom his own headset.
A POWER switch on each panel controls application of power to its respec-
tive A/C module and selects the PTT or voice-operated relay (VOX mode)
of operation. The PTT mode perrits monitoring of incoming audio signals
plus PTT activation cf the microphone amplifier, voice recorder, and the
enabling of any communications transmitters if their attendant.control
switches are properly configured,

The VOX mode permits the microphone amplifier to be activated by
the voics.cperated switching circuitry within the audic center. The audic -
output of the amplifier is then applied to isolation and switching diodes
controlled in part by the audio center controls located on panels MDC-26, =
~13, and -23.

ety

Voice transmission over, the activated unified S-band equipment is
allowed by placing the S-BAND switch to REC (MDC-256, -13, -23), setting
the cobra cable PTT/CW switch at PTT and closing the PTT pushbutton on ¥
either the cobra cable or the translation coatrols. =

Voice transmission over, the HF transceiver is limited to the post-
landing phase of the mission; however, the RCDR/HY switch (MDC-26, 12,
-23) in the T/R position provides a ground for the power control relay in the “
voice recorder. The intercom switch (MDG-26, -13, -23) would also have to
be in the T/R position so the audio signal would be available for recording.

Voice transmission over, the activated VHF-AM transmitter is SR
allowed by placing the VIIF-AM switch to T/R (MDC-26, -13, -23), setting
the cobra cable PTT/CW switch to PTT, and clesing the PTT pushbutton on i)
either the cobra cakle or the translation controls. Monitoring the VHF-AM '{
is provided by placing the VHF-AM T/R/OFF/REC switch to REC, B
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Each audio coutrol panel has three thumbwheel-type potentiometer
controls: a VOX SENS conirol for adjusting the scnsitivity of the VOX
circuit, an INTERCOM BALANCE control for decreasing the level of the
audio signals received {rom the RF equipment relative to that received
irom the intercom bus, and a VOLUME control for changing the overall
level of all audio signals to the earphones. Kach channel, in the A/C
modules, also containg sidetone circuitry which enables a crewman to
monitor his own transmission.

S/ C Intercornmunications.

S/ C intercommunications and hardiine voice communicaticns are
conducted via the intercom bus, which iz commonly connected to each of
the threec A/C modules, to the 1.CC during prelaunch via the USM, and to
recovery forces via the swimmer electrical connector during recovery
operations. To communicate, a crewrnan must activate his A/C module by
placing the POWER switch to VOX or PTT and setting the INTERCOM
switch to T/R. ;

An A/C intercora transmission can only be initiated with the PTT key,
if the PTT position of the power switch is selected. In the VOX yposition,
either the VOX circuit or the PTT key will indicate an intexrcom trane-
mission. If only an intercom transmission is desired, the PTT/CW switch
on the cobra cable should be in the CW position. Norrally, the A/C
modules will remain activated throughout the entire mission.

In-Flight Voice Communications.

In-flight voice communications with the MSFN will be conducted over
the USBS and the VHF-AM transmitter-recerver equipmendt. Controls {or
the S-band and the VIIF-AM groups are lecated on MDC.20, and MDC-26,
-13, and -23. The VHF-AM controls on MDC-20 consist of 2
7/R/OFF/REC switch that controls applicaticn of power, & RCVR switch

to control which of two receiver modes 1 simplex, 2 duplex, are operational,

a SQUELCH control to establish the level of RF signal required to pass
audio signals to the audio center, and a VHF ANTENNA switch to manually
select the upper (+Z), or lower (-Z), antenna, Voice transmission via
VHF-AM is controlled by the placement of the VHF~AM switch (MDGC-26,
~13, or -23)to T/ R, the cobra cable MODE switch to PTT, and depressing
the PTT pushbutton on the cobra cable., Either T/R or REC permits voice
reception from the MSIFN,

Voice communication is possible in all opexrational modes of the USBS,
with the exception of the emergency key rnode, providing the S-BAND switch
(MDC-26, -13, oxr -23) is placed at REC, Transmissicn is controlied by
the ETT pushbutton on the cobra cable, providing the cobra cable MODE
switch is in the PTT position. (Refer tc paragraph 2.8.3.3.4 for additional
information on the unified S-band eperations.)

Recovery Voice Communications.

After touchdown, the HF transceiver equipment will be utilized for
voice communications. Itis controlled by the RECOCVERY-HF switches on

Mission
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MDC-20 which include an ON~OFF switch and a 5SB/BCN/AM switch for
selecting mode. Either the single sideband {358 or amplitude modula-~
tion (AM) modes may be used for voice communications. The beacon
{(BCN) mode is used to transmit a continuous wave beacon for tracking
purposes. '

Voice transmission in either the SS5B or AM mode can be VOX- cor ¢

PTT-controlled when the RCDR/HF switch (MDC-26, -13, -23} is plared
: to T/R. ’
3 )
( The HF transceiver utilizes the HF recovery antenna. This antenna )
H must be deployed after touchdown by setling the POSTLANDING —ANTENNA
4 DEPLOY switches on MDC-25 to their upper positions, A and B, while the
j MASTER EVENT SE{G CONT switches 1 and 2 (MDC-24) are at arm and

MASTER EVENT SE{Q CONT ARM A and B circuif breakers (MDC-22) are
closed.

The VHE/AM transmitier~receiver equipment can be used as backup
by utilizing VHF recovery antenna No. 2 which can be selected by setting
the VHY ANTENNA switch (MDC-20) to RECOVERY. Also, the GFAE
survival transceiver can be used inside the S/C by connecting its coaxial
cable to VHF recovery antenna No. 1 or No. 2 at the coaxial bracket,
MDC-9. These coaxial connectors may be utilized, during the interval
preceding the arrival of the recovery forces, in the most advantageous
manner. Any combination of VHF recovery beacon, GFAE survival
transceiver, and VHEF-AM transrmitter-receiver may be employed as

warranted by the servicesbility of the communications equipment.

SA7 el

LBLZL 2 Data Operations.

2.8,2.2.1 General.

e B

T/C system data capabilities include the processing, storage, and
transmission of TLM data to the MSFN; the reception and processing of
up-telemetry data {up-data) received {rom the MSFN; and during USBE
testing, the transmission of TV {rom the TV camera. In addition to
transmitied data, verbal comments may be recorded on the voice recorder.
(See figure 2.8-2.}

2.8.2.2.2 TLM Transmission and Storage.

_ TLM data may sirnultanecusly be transmitted via VHY¥-FM and/or
E S-band and recorded in the DSE for delayed time transmissicn when
requested by MSFN, The system configuration prohibits transmission or
recording of real time data while transmitting stered data.

TLM data for transmission to the MSEFN consists of analog and digital
signals obtained from the guidance and navigation system, ceniral timing
equiprnent, instrumentation sensors and transducers located throughout the
S/C structure and operational systems, and biomedical sensors worn by
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Figure 2.8-2. Data Operations
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the crewman. Some of the instrumentation signals require conditioning
before they can be utilized. This is accomplished by the signal conditioning
equipment {SCE) activated by the POWER-SCE switch on MDC-206. The
rermaining TLM signals are either conditioned at their scurce by local
signal conditioners, which requires no action on the part of crewmen, or

do not need ccenditioning. The operational instrumentation signals are used
for S/C displays and real time or delayed TLM transmission via VHF -FM
and/or S~-band. Those ‘o be telemetered are routed to the pulse-code .
modulation-telemetry (PCM TILM) equipment. Most of the flight qualifica-
tion signals are routed to the PCM TLM equipment along with the -
operational TLLM signals. A few, however, are recorded as analog signals
in the flight qualification recorder (FQR) for postflight analysis only.

The FQR will be activated at brief intervals only during critical phases of
the mission by the FLIGHT QUAL RCDR switch on MDC-19,

The PCM TLM equipment combincs the signals to be telemetered and
converts them to a single, digital, pulse train which is then fed tc the pre-
modulation processor eqiipment (PMJ?) and the data storage cquipment
(DSE). The PCM TLM equipment is activated at all times. Its only control
is the TLM INPUTS — PCM switch on MDC-~20, This switch is used to
select the PCM bit-rate, In the HIGH (51.2 KBPS) position, all TLM
inputs to the PCM TLM equipment are processed and combined into the
output signal. The LOW (1.6 KBPS) position eliminates the less essential
parameters and is used only when a PCM pulse train of reduced bandwidth
is required. The reduced bandwidth allows FPCM data to be recorded at a
reduced (3.75 ips) speed when long periods of data recording are reguired.

i The PCM signal is fed to the PMP and DSE simultaneously. for real-
time (R/T) transmission and/or storage. For R/T transmission, the
signal is processed through the PMP to the VHF/FM and/or S-BAND trans-
mitters. The PMP is controlled by the POWER — PMP switch, the S-BAND
group of switches, and the TAPE RECORDER — PLAY switch., When R/T
transmission is not possible; the PCM data can be stored in the DSE,

which is controlled by the TAPE RECORDER group of switches and the
TLM INPUTS — PCM switch discussed in the previous paragraph. Whe#a
played back later, the stored PCM data is also processed through the PMP
to the VHF/FM and/or S-BAND transmitters for transmissicn. The sole
function of the VHI'/FM transraitter is the transmission of R/T or stored
PCM data. Its only control is the VHF-FM — ON/OCFF switch on MDC-20,
It utilizes the same antennas as the VHF/AM transmitter-receciver, namely,
the upper or Jower SCIN anienna as selected by the VHF antenna switch,

O

Backup capability for the transmission of PCM TLM data is provided
by the USBS. ({(Refer to a subsequent discussion of unified S-band
operations. )

*2.8.2,2,3 Up-Data Reception.
Up-data which can be transmitted to the 5/C by the MSFN consists
of three types: G&N data for up-dating the Apollo guidance computer,
TELECOMMUNICATION S5YSTE!
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timing data for up-dating the central timing equipment {CTE), and realtime

commands (RTCs) for providing the MS¥N with limited control of certain
on-board functions.

During normal operations, up-data is receijved by the UHF/FM
recejver contained in the up-data link (UDL) equipment. Once received,
the signal is processed and decoded, and the information is routed to the
G&N system, the CTE, or UDL-RTC relay box. For backup, up-data
can also be transmitted by MSFN stations to the S/C via the S5-band
carrier. When this occurs, the up-data is received by the USBE receiver
which extracts the up-data subcarrier and routes it to the PMP where the
intelligence is removed from the signal and sent to UDL equipment for
processing, decoding, and distribution. In thig S-band mede, the UHE/FM
receiver is bypassed. Selection of the UHF or S-BAND mode is made with
the UP-DATA switch on MDC-20. The UP TLM CMD — RESET/OFF switch
(MDC-19) enables the crew to nullify previous RTCs and return control to
the $/C. An UP TLM — ACCEPT/BLOCK switch (MDC-14) is also provided
so that G&N up-data can be prevented from effccting the computer and the
attendant validity signal being sent to the PCM format.

Tracking and Ranging.

In-Flight Tracking and Ranging.

The function of the in-flight Eracking and ranging equipment (figure
2.8-3) is to assist the MSFN in determining $/C position and velocity. The
primary method employed is C-band tracking. The C-band transpender
on-board the S/C is used for this purpose, It operaies in conjunction with .
conventional, carib-based, radar equipment by lransiniliing vesponse
pulses to the MSFN when radar pulses from the carth ave received, It
operates in a '"l-pulse' or a "2-pulse' mode, depending on the type of
radar equipment being used at the nearest MSFN station. A single control,
the C-BAND switch on MDC-20, is used to activate the C-band transpondex
in either mode.

Backup tracking and ranging capabilities arce provided by the USBS.
Recovery Tracking.

Line-of-gight and beyond-line-of-sight beacon transimission capa-
bilities are provided to assist recovery personnel in locating the 5/C during
parachute descent and after touchdown. Line-cof-sight beacon transmission
is accomplished using the VHF recovery beacon equipment. The beyond-
line~of~sight capability is furinished by operating the HI transceiver in a
beacon mode.

Juring parachute descent the VHI recovery beacon is activated by
setting the RECOVERY -~ VHF-BCN switch {MIC-20) to ON. This causes
a 2-second, modulated VHT pulse to be transmitted every 5 seconds
from VHYT recovery antenna No. 1, which is deployed automatically with
VHY reccovery antenna No. 2 when the main pavachutes are deployed.
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